Abstract. In this research cylindrical shaped pellets made from fly ash bind by bentonite were fixed with iron to produce a new adsorbent material Fe-FB. The new adsorbent was then evaluated for Cd 2+ removal using kinetic models. The optimum time and mass ratio of Fe 3+ :FB to fix iron was determined at 1h and 1:5 respectively. SEM-EDX analysis confirmed that iron was fixed on the FB and it had many porous structures. Removal can be described by the pseudo second order model. Importantly, it is superior to most powdered adsorbents due to its ability to be easily separated from wastewater when exhausted.
Introduction
Among the adsorbents, iron is of current research interest because of its ability to remove a wide variety of pollutants [1] [2] [3] . However, nanoscale zero valent iron use is limited by its ability to aggregate into micro scale or larger particles due to magnetic force and Van der Waals force of attraction [4] which reduce their reductive ability. To prevent aggregation problems support matrices such as activated carbons and clays have been used as disperse agents [5, 6] .
Fly ash is a major global environmental waste management problem and thus its utilization would help solve this problem. Therefore in this research, a new matrix made from fly ash using bentonite as a binder was moulded into equal sized cylindrical pellets (FB). Iron was later added to these pellets to improve their removal efficiency to produce (Fe-FB). The prepared Fe-FB was characterized and later evaluated for Cd 2+ removal using kinetic modelling and adsorption isotherms.
Materials and Methods
All the chemical reagents used in the experiments where analytical grade and were obtained from Beijing Chemical Reagents Company (Beijing, China). Bentonite was obtained from Qufu City, Shandong Province, China, while fly ash was obtained from Ningxia Shenhua Company, Ningxia, China.
Fe-FB preparation
The fly ash and bentonite were sieved using a 500 mesh, dried at 105°C and homogenised using a mechanical stirrer and then pelletized into cylindrical shaped pellets (herein referred to as FB) using a mechanical pelletizer. The FB was calcined in a muffle furnace at a temperature of 800°C for 30 minutes at a rate of 10°C/minute. The iron containing pellets (Fe-FB) was produced by NaBH 4 . The remaining solution was decanted and the prepared Fe-FB was then rinsed gently three times with ethanol to remove excess NaBH 4 solution. The Fe-FB was dried in a vacuum oven at 65°C for 4h and analysed for the amount of iron. The total amount of Fe 2+ was then determined by using potassium dichromate titration method [7] . The amount of iron in grams Fe(g) and the percent of Fe(%) was calculated using the Eq. 1 and 2:
Where C Cr and V Cr are the 0.016M concentration and volume of potassium dichromate used while m(g) is the mass of Fe-FB. Analysis of variance (ANOVA) was conducted using Tukey Test at 0.05 level where means are significantly different at F probability˂0.05, if not then insignificant. Statistical analysis was conducted using Origin 8.5. The morphology and elemental composition of Fe-FB was analysed by Scanning Electron Microscope with integrated energy dispersive X-ray system (SEM-EDX) (Joel JSM-6610 LV).
Removal Experiments for Cd

2+
Cd
2+ removal was conducted at initial concentrations of 100mg/L and 200mg/L respectively at pH 4±0.5. 1g of the FB or Fe-FB and shaken with a rotary shaker at 120 rpm at 30°C. At time intervals from 10 mins to 72 h, samples were taken and analysed for residue metal concentration using Atomic Absorption Spectrometry (Solaar M6, Thermo Elemental, USA). The removal percentage at time t (R%) and the amount of metal adsorbed at equilibrium q e (mg/g) were calculated using Eq. 3-4 below: 
Results and Discussion
Optimization of Fe-FB Preparation and Characterization
Results on the influence of shaking time of Fe 3+ with FB and mass ratio of Fe 3+ :FB on the amount of Fe fixed on FB are shown in Figure 1(a)-(b) . From Figure 1 and Tukey ANOVA test in Table 1 the shaking time of Fe 3+ with FB had no significant effect (F prob. ˃0.05) on the amount of Fe on FB, thus, 1h was selected. Mass ratio of Fe 3+ : FB had significant effect (F prob. ˂0.05) on the fixation of Fe on FB, thus 1:5 mass ratio was selected. This can be explained by the high interaction between the Fe 3+ and FB when the mass ratio is reduced. Thus, the optimum Fe 3+ :FB shaking time and mass ratio was 1h and 1:5 respectively.
The SEM results of Fe-FB in Figure 2 (b) show that it had many porous structures and a rough surface suitable for adsorption. EDX spectrum for elemental analysis of Fe-FB in Figure 2 (a) confirmed three sharp peaks attributed to the presence of Fe. As shown in Figure 2 (c) the size of Fe-FB was 2.00cm in length and diameter of 0.35cm which makes them superior in that they can easily be separated/collected from wastewater when exhausted. : FB shaking time and mass ratio on iron fixation. 
Removal Kinetics of Cd 2+ by FB and Fe-FB
Plots for the kinetics of Cd 2+ removal are shown in Figure 3 . The removal of Cd 2+ by FB was low. As shown in Figure 3 (a) at 100mg/L the initial removal amount was 2.18% and reached a maximum of 56%. At 200mg/L, the initial rate of removal was 0.978% and reached a maximum of 28%. This suggest the generally poor sorption ability of Cd 2+ to silicates. Figure 3(b) shows that upon fixation of iron, Fe-FB maximum removal at 100mg/L and 200mg/L increased to 89.5% and 56% respectively due to the additional removal as a result of iron. The reduced removal rate when concentration increased can be attributed to reduced ratio between the amount of ions in solution and the adsorbent.
To understand the mechanism and describe the rates of adsorption of Cd 2+ by Fe-FB, data for adsorption experiments were fitted to linear forms of the Lagergren Pseudo-first-order rate equation [8] and Pseudo-second-order rate equation [9] in Eq. 5 and 6 respectively. 
Where q e (mg/g) and q t (mg/g) are the adsorption capacities at equilibrium and time t (min), respectively while k p1 (min −1 ) is the pseudo first order rate constant for the kinetic model (6) where q e (mg/g) is the amount of Pb 2+ ions adsorbed onto adsorbent at equilibrium, q t (mg/g) is the amount of heavy metal ions adsorbed at time t and k p2 (min -1 ) is the rate constant and can be determined by plotting t/q t against t.
Linear fitting plots of pseudo second order kinetics is shown in Figure 4 while results from modelling are presented in Table 2 . The coefficient of correlation value of R˃0.99 implies a good fitting and conformity of the data to the model while R˂0.99 implies a poor fitting. In addition, when the experimental q e(exp.) is almost equal to calculated q e(calc.), then the model best fits the experimental data. As shown from the R values in Table 2 and the almost equal values of the experimental q e(exp.) with calculated q e(calc.), Cd 2+ removal by Fe-FB can best be described by the pseudo second order model . The main assumptions are that if the adsorption follows pseudo second order model, then the rate limiting step may be chemical adsorption involving valent forces through sharing or the exchange of electrons between the adsorbent and divalent metal ions [8, 9] . This confirms that Cd 2+ removal by FB was mainly by physical adsorption while that by Cd 2+ was both physically adsorbed and chemisorbed. 
Conclusions
Iron was fixed on FB at an optimised conditions of 1h shaking time and 1:5 mass ratio of Fe 3+ :FB to produce Fe-FB. SEM-EDX confirmed iron fixation on FB and the produced Fe-FB had many porous structures. Removal efficiency at initial concentrations of 100g/L and 200mg/L increased to 89.5% and 56% respectively when iron was fixed on to produce Fe-FB as compared to bare FB whose removal was 56% and 28% respectively. Removal kinetics and adsorption followed the pseudo second order kinetic model and Langmuir and Freundlich Isotherms.
